Background {#S0001}
==========

Hepatitis B virus (HBV) infection is a major public health concern, especially in the Asia--Pacific region. A test for HBV DNA load is the only recognized laboratory indicator for monitoring the number of circulating viral particles in peripheral blood, which reflects the activity generated by the HBV in the liver.[@CIT0001],[@CIT0002] However, after long and extensive use of nucleos(t)ide analogs (NAs), the serum level of HBV DNA in most patients with chronic hepatitis B (CHB) infection is below the lower limit of detection, and the disappearance of HBV DNA in serum represents only effective inhibition of the reverse transcription of HBV.

NAs are inhibitors of viral polymerase and cannot achieve complete eradication of covalently closed circular DNA (cccDNA). Furthermore, percutaneous liver biopsy for cccDNA detection is difficult because of its invasive nature, the uneven distribution of cccDNA in the liver, and lack of a standardized assay for cccDNA detection.[@CIT0003] Consequently, it is important that novel serum biomarkers related to the natural history, prognosis, and treatment responses of CHB are identified.

Pre-genomic RNA (pgRNA) is an intermediate product in HBV replication and is transcribed using cccDNA as a template in the viral nucleocapsid.[@CIT0004] In 2016, Wang et al reported that HBV RNA in the serum of HBV-infected patients was the pgRNA of the encapsidated virus.[@CIT0005] There is evidence that the HBV RNA level is related to the virologic response and cccDNA level in the liver, and could, in theory, be used to reflect the hepatic level of cccDNA.[@CIT0006]--[@CIT0008]

Increasing attention has been paid to the relationship between the serum level of HBV RNA and HBV replication. Several studies have shown that the HBV RNA level can reflect the efficacy of NAs, and that the HBV RNA level 12 weeks after treatment can be used as an independent predictor of the viral response (VR) or hepatitis B e-antigen (HBeAg) seroconversion at the outcome of treatment.[@CIT0009],[@CIT0010],[@CIT0023] Other studies have suggested that the reduction in the serum level of HBV RNA at the early stage of NA treatment is closely correlated with subsequent HBeAg seroconversion.[@CIT0012]

HBeAg-positive CHB patients with a high viral load (HVL) comprise a unique group with relative immune tolerance. Recent evidence has suggested that CHB patients with an HVL are less likely to achieve a VR or HBeAg seroconversion and more likely to be associated with drug-related resistance and treatment failure compared with CHB patients with a normal level.[@CIT0013],[@CIT0014] At present, the value of using the HBV RNA level at different time points as a predictor of the VR or HBeAg seroconversion in HBeAg-positive CHB patients with an HVL at baseline is limited.

The primary purpose of the present study was to evaluate the role of the serum HBV RNA level as a predictor for the treatment response in HBeAg-positive CHB patients with an HVL at baseline. We also aimed to explore the dynamic changes in the HBV RNA level that occur during NA treatment.

Patients and Methods {#S0002}
====================

Ethical Approval of the Study Protocol {#S0002-S2001}
--------------------------------------

This was a prospective, multicenter, controlled trial. The study protocol was approved by the Ethics Review Board of Nanfang Hospital, Southern Medical University (ZHF2011206) in Guangzhou, China. This study was undertaken in accordance with the Declaration of Helsinki 1975 and its later amendments. Patients provided written informed consent to participate in the study, and data were analyzed anonymously. The design and methods of this study were as described previously.[@CIT0015],[@CIT0016]

Patients {#S0002-S2002}
--------

The study cohort consisted of 66 HBeAg-positive CHB patients with an HVL (serum HBV DNA \>1.9×10^6^ IU/mL) at baseline, treated with lamivudine (LAM) and adefovir dipivoxil (ADV) (N = 31) or entecavir alone (ETV) (N = 35). All patients received ≥96 weeks of treatment.

All patients were HBsAg-positive for ≥6 months, and HBeAg-positive with an HVL at baseline. All patients were naive to NA treatment, and did not present spontaneous HBeAg seroconversion after 3--6 months of an increased level of alanine aminotransferase (ALT) (≥2 weeks apart, with the latest ALT ≥2 × the upper limit of normal).

The exclusion criteria were patients: (i) who had received treatment with interferon (IFN) or NA previously; (ii) who were pregnant; (iii) had a history of hepatic metabolic diseases; (iv) with diagnostic markers of co-infection with the hepatitis-C virus, hepatitis-D virus, or human immunodeficiency virus; (v) with autoimmune hepatitis; (vi) with liver cirrhosis; (vii) with liver failure; (viii) with hepatocellular carcinoma.

Serology {#S0002-S2003}
--------

Qualitative determination of the serum level of the surface antigen of the hepatitis B virus (HBsAg), HBeAg, and anti-HBe was done using the ARCHITECT i2000SR platform (Abbott Laboratories, Chicago, IL, USA). The serum HBV DNA level was measured using Cobas Ampliprep^®^ and Cobas TaqMan^®^, v2.0 (Roche Diagnostics, Basel, Switzerland) with a limit of detection ranging from 20 IU/mL to 1.7×10^8^ IU/mL. The serum ALT level was measured at local laboratories according to standard procedures.

Quantitative determination of HBV RNA was carried out according to the method of Fan and colleagues.[@CIT0017] HBV RNA was isolated from 200 μL of serum using the QIAamp MinElute Virus Spin kit (Qiagen, Hilden, Germany) according to manufacturer instructions, and treated subsequently with DNase I (Thermo Fisher Scientific, Waltham, MA, USA). DNase I-digested HBV RNA was quantified by TaqMan probe-based one-step reverse transcription real-time quantitative polymerase chain reaction in a LightCycler^®^ 480 Instrument II system (Roche Diagnostics). Detailed procedures were as described previously.[@CIT0017]

A "virologic response" was defined as HBV DNA \< 20 IU/mL. A "biochemical response" was defined as normalization of the ALT level. "HBeAg seroconversion" was defined as a change from HBeAg-negative status to HBeAb-positive status.

Statistical Analyses {#S0002-S2004}
--------------------

Data analyses were done using SPSS v21.0 (IBM, Armonk, NY, USA). Data are expressed as the mean ± standard deviation or median (interquartile range). The χ2 test was used for categorical variables. The Student's *t*-test or Mann--Whitney test was employed for continuous variables when appropriate. The linear relationship between various viral markers was assessed by Pearson's correlation coefficient and the significance of the correlation coefficient (p-value) was tested. Categorical variables were evaluated using Spearman correlation coefficient. A receiver operating characteristic (ROC) curve was used to calculate the predictive value.

Results {#S0003}
=======

Patient Characteristics {#S0003-S2001}
-----------------------

Seventy-four HBeAg-positive patients were enrolled and divided into two groups according to the treatment plan. The serum samples of eight patients were lost, so 66 patients were included in our study and completed 96-week treatment. The baseline characteristics of the patients are shown in [Table 1](#T0001){ref-type="table"}. Fifty-three patients achieved a virologic response and 12 achieved HBeAg seroconversion at 96 weeks. Of the 66 patients at baseline, 31 (mean age, 31.68±10.88 years) received LAM plus ADV combination therapy, whereas the remaining 35 cases (mean age, 30.57±8.38 years) received ETV monotherapy. The baseline serum HBV RNA level (in log~10~ copies/mL) in patients treated with LAM+ADV combination therapy and ETV monotherapy was 8.97±1.22 and 9.15±0.92, respectively. There was no significant difference between the two groups in the distribution of demographics or clinical characteristics at baseline.Table 1Demographic and Baseline Characteristics of PatientsVariablesALLLAM+ADVETVPN=66N=31N=35Age, years^a^31.09±9.5831.68±10.8830.57±8.380.511Male:female54/1224/730/50.383ALT, U/L^b^216.50 (124.25--362.00)202.00 (121.00--327.30)267.00 (135.00--377.00)0.220HBV DNA, log~10~ IU/mL^a^7.85±0.717.87±0.717.83±0.730.354HBV RNA, log~10~ copies/mL^a^9.07±1.078.97±1.229.15±0.920.114[^2][^3]

Predictive Value of the HBV RNA Level for HBeAg Seroconversion in CHB Patients Treated with NAs {#S0003-S2002}
-----------------------------------------------------------------------------------------------

The serum HBV RNA level (in log~10~ copies/mL) was significantly lower at baseline (8.63 vs 9.17, p = 0.043), week 12 (5.64 vs 7.72, p \< 0.001), week 24 (5.52 vs 7.09, p = 0.015), and week 48 (2.03 vs 5.60, p = 0.002) in patients with HBeAg seroconversion than in those without HBeAg seroconversion at 96 weeks ([Figure 1A](#F0001){ref-type="fig"}). We used univariate and multivariate analyses to determine the relationship between the serum HBV RNA level and HBeAg seroconversion (odds ratio (OR) 3.560, 95% confidence interval (CI): 1.39--9.110, p = 0.008) ([Table 2](#T0002){ref-type="table"}). Based on univariate and multivariate analyses, the HBV RNA level at 12 weeks after treatment was an independent predictor for HBeAg seroconversion in HBeAg-positive patients after 96 weeks. Moreover, analyses of ROC curves indicated that the HBV RNA level 12 weeks after treatment had a certain predictive value for HBeAg seroconversion (area under the ROC curve (AUC) = 0.847, p \< 0.001), with a cutoff value of 6.18 log~10~ copies/mL (sensitivity = 0.81, specificity = 0.80) ([Figure 2](#F0002){ref-type="fig"}). The percentage HBeAg seroconversion was 10% and 31.8% in patients with a serum HBV RNA level (in log~10~ copies/mL) ≤6.18 and \>6.18 at week 12, respectively (p = 0.037) ([Figure 3](#F0003){ref-type="fig"}).Table 2Univariate and Multivariate Analyses of Associations Between the HBV RNA Level and HBeAg Seroconversion at Week 96HBeAg Seroconversion (N=12)UnivariableMultivariableOR95% CIpOR95% CIPAge (years)0.9790.919--1.0430.506Female/male1.1360.215--6.0140.880Type of treatment (LAM+ADV or ETV)0.7690.217--2.7270.685ALT (U/L) at baseline0.9990.995--1.0030.699HBV RNA (log~10~ copies/mL) at baseline1.5250.886--2.6260.128HBV RNA (log~10~ copies/mL) at week 123.1921.419--7.1790.005\*\*3.5601.391--9.1100.008\*\*HBV RNA (log~10~ copies/mL) at week 241.1921.172--3.1200.009\*\*0.8980.552--1.4590.664HBV DNA (log~10~ IU/mL) at baseline1.6210.701--3.5970.268HBV DNA (log~10~ IU/mL) at week 120.4000.104--1.5330.181HBV DNA (log~10~ IU/mL) at week 241.7120.912--3.2140.094[^4][^5] Figure 1Serum level of HBV RNA at indicated time points: (**A**) Comparison of the serum HBV RNA level between the HBeAg-seroconversion group and non-HBeAg-seroconversion group. (**B**) Comparison of the serum HBV RNA level between the virologic response (VR) group and non-virologic response (NVR) group. Data are the mean ± SEM, and determined by the Mann--Whitney *U*-test. \*p \< 0.05, \*\*\*p \< 0.001.Figure 2Analyses of receiver operating characteristic (ROC) curves of the sensitivity and specificity of the serum HBV RNA level at week 12 for the prediction of HBeAg seroconversion and the virologic response (VR).Figure 3Probability of HBeAg seroconversion based on the serum HBV RNA level at week 12.

Predictive Value of the HBV RNA Level for the Virologic Response in CHB Patients Treated with NAs {#S0003-S2003}
-------------------------------------------------------------------------------------------------

The serum HBV RNA level (in log~10~ copies/mL) was significantly lower at week 12 (7.02 vs 8.53, p \< 0.011), week 24 (6.61 vs.7.69, p = 0.021), and week 48 (4.35 vs 7.53, p = 0.021) in patients with a VR than in those without a VR ([Figure 1B](#F0001){ref-type="fig"}). However, the serum RNA level (in log~10~ copies/mL) was similar and non-significant between the two groups at baseline (8.63 vs 9.12).

The HBV RNA level 12 weeks after treatment had a certain predictive value for a VR at 96 weeks after treatment (OR 1.908, 95% CI: 1.115--3.265, p = 0.018) ([Table 3](#T0003){ref-type="table"}). The HBV RNA level 12 weeks after treatment was an independent predictor for a VR (AUC = 0.736, p = 0.011), with a cutoff value of 9.05 log~10~ copies/mL (sensitivity = 0.583, specificity = 0.91) ([Figure 2](#F0002){ref-type="fig"}).Table 3Univariate and Multivariate Analyses of Associations Between the HBV RNA Level and Virologic Response at Week 96Virologic Response (N=54)UnivariateMultivariateOR95% CIPOR95% CIpAge (years)0.9870.922--1.0570.710Female/male1.6670.376--7.3940.502Type of treatment (LAM+ADV or ETV)2.0000.538--7.4380.301ALT (U/L) at baseline1.0000.995--1.0040.840HBV RNA (log~10~ copies/mL) at baseline1.1120.595--2.0790.740HBV RNA (log~10~ copies/mL) at week 121.9081.115--3.2650.018\*1.9081.115--3.2650.018\*HBV RNA (log~10~ copies/mL) at week 241.4490.928--2.4230.098HBV DNA (log~10~ IU/mL) at baseline0.9220.387--2.1990.855HBV DNA (log~10~ IU/mL) at week 121.9320.608--6.1420.265HBV DNA (log~10~ IU/mL) at week 240.7200.411--1.2610.251[^6][^7]

Dynamic Change in the HBV RNA Level During NA Therapy {#S0003-S2004}
-----------------------------------------------------

After NA therapy, the serum HBV RNA level decreased steadily in all patients ([Figure 4A](#F0004){ref-type="fig"}). The level of HBV RNA (in log~10~ copies/mL) at different time points was significantly lower than that at preceding time points (week 0 vs week 12: 9.19 vs.7.31, p \< 0.001; week 12 vs week 24: 7.31 vs 6.90, p = 0.010; week 24 vs week 48: 6.90 vs 4.86, p \< 0.001). Patients with HBeAg seroconversion at 96 weeks showed a significant reduction in the HBV RNA level (in log~10~ copies/mL) at week 12 (3.28 vs 1.52, p = 0.005) and at week 48 (3.79 vs 1.38, p = 0.008) compared with patients without HBeAg seroconversion ([Figure 4B](#F0004){ref-type="fig"}). We found a similar result when predicting the VR. Compared with patients without a VR, those with a VR at week 96 showed a significant reduction in the HBV RNA level (in log~10~ copies/mL) at week 12 (2.19 vs 0.64, p \< 0.001) and at week 48 (2.23 vs 0.06, p \< 0.001) ([Figure 4C](#F0004){ref-type="fig"}).Figure 4Dynamic changes in the HBV RNA level during NA therapy. (**A**) Trend in the total RNA level. (**B**) Grouping was based on whether HBeAg seroconversion occurred at week 96. (**C**) Grouping was based on whether a VR occurred at week 96. Data are the median value, and determined by the Mann--Whitney *U*-test. \*\*p \< 0.01, \*\*\*p \< 0.001.

Association Between the Serum HBV RNA Level and Clinical Parameters {#S0003-S2005}
-------------------------------------------------------------------

The HBV RNA level was not correlated significantly with age, sex, or different options of drug treatment (p \> 0.05 for all, data not shown). The serum HBV RNA level was significantly and positively correlated with HBV DNA and ALT levels (r = 0.653, p \< 0.001 and r = 0.537, p \< 0.001, respectively) ([[Supplementary Figure 1](https://www.dovepress.com/get_supplementary_file.php?f=252994.docx)]{.ul}) in all patients during the whole treatment, whereas no significant relationship was found between HBV DNA and ALT levels at each time point evaluated (data not shown).

Discussion {#S0004}
==========

This was the first longitudinal study to analyze dynamic changes in the HBV RNA level after NA treatment. As such, it revealed whether the HBV RNA level has value in predicting HBeAg seroconversion and the virologic response in HBeAg-positive CHB patients with an HVL. We found that the HBV RNA level decreased significantly in CHB patients with an HVL after NA treatment. Moreover, the HBV RNA level could also predict HBeAg seroconversion and the VR at week 12 in these patients.

As a new marker of hepatitis B, HBV RNA is transcribed from cccDNA and correlates equally well with intrahepatic cccDNA in CHB patients.[@CIT0004],[@CIT0018],[@CIT0019] These observations suggest that the HBV RNA level can be considered a surrogate marker of the cccDNA level in infected cells.

Since the identification of pgRNA in HBV-infected patients,[@CIT0005] the serum HBV RNA level has attracted increasing attention as a potential biomarker in CHB management.[@CIT0004]--[@CIT0006],[@CIT0020] Recent reports have suggested that HBV RNA in serum is associated with responses to NA and pegylated-IFN therapy.[@CIT0005],[@CIT0009],[@CIT0012],[@CIT0015],[@CIT0021],[@CIT0022] However, relatively few studies have evaluated the performance of serum HBV RNA among HBeAg-positive CHB patients with an HVL. This was the first longitudinal study to investigate the value of HBV RNA in HBeAg-positive CHB patients with an HVL. We found that baseline serum DNA and RNA loads were high in these patients. The HBV RNA level was higher at baseline in our HBeAg-positive patients with an HVL than that reported for HBeAg-positive patients in other studies.[@CIT0005],[@CIT0014],[@CIT0023] This finding may be related to our selection of patients with an HVL. During NA treatment, the serum HBV RNA level of all patients decreased gradually from 0 to 48 weeks of therapy and was significantly lower than that at previous time points. Also, the serum level of HBV RNA was significantly lower in patients with HBeAg seroconversion than in that without HBeAg seroconversion from baseline to week 48 of treatment. Furthermore, the degree of decline in the HBV RNA level in HBeAg-positive patients with an HVL was comparable with that reported for HBeAg-positive patients.[@CIT0023] This observation was most likely because NAs inhibit reverse transcription of HBV polymerase, thereby suppressing the replication of the HBV.

Multivariate analysis demonstrated that the serum level of HBV RNA at week 12 was an independent prognostic factor for HBeAg seroconversion in CHB patients with an HVL after NA treatment. An ROC curve of the serum HBV RNA level at 12 weeks was generated to predict HBeAg seroconversion at 96 weeks (AUC: 0.847). We proposed a cutoff level of HBV RNA of 6.18 log~10~ copies/mL at week 12 for the identification of HBeAg seroconversion, which led to sensitivity prediction of 81% and specificity prediction of 80%. Then, we analyzed the relationship between the HBV RNA level and the VR, and showed that the HBV RNA level at week 12 was also associated with the VR. The HBV RNA level decreased more rapidly in patients with a VR than in those without a VR, reaching significance at weeks 12, 24, and 48. In patients without a VR, there was a non-significant decrease. Multivariate analysis also indicated that the HBV RNA level at week 12 was associated with a VR. Luo and colleagues demonstrated that the serum level of HBV RNA 24 weeks after NA treatment can predict the response of NA treatment in HBeAg-positive patients (n = 25).[@CIT0023] However, we found that the serum HBV RNA level at week 12 was an independent indicator for predicting the response of NA treatment in HBeAg-positive patients with an HVL (n = 66). These results suggested that early suppression of HBV RNA in responders may reflect the silencing of cccDNA activity, which might also represent the establishment of durable immune control over HBV infection.

Several studies have demonstrated that the serum HBV RNA level is correlated significantly with HBV markers, such as HBV DNA and HBsAg,[@CIT0011],[@CIT0019],[@CIT0024],[@CIT0025] which supports the notion that the serum level of HBV RNA could be a marker to reflect the intrahepatic activity of HBV replication. We found a correlation between the total serum level of HBV RNA and total serum level of HBV DNA, with a correlation coefficient of 0.653. However, we did not observe a significant difference in the serum level of HBV DNA, HBV RNA, or ALT at any of the evaluated time points. Bömmel and colleagues demonstrated that the serum level of HBV RNA is correlated strongly with the serum level of HBV DNA before treatment, but the correlation becomes weaker after starting NA treatment.[@CIT0012] We also found a correlation between the total serum level of HBV RNA levels and total serum level of ALT. Gu et al discovered that the serum level of HBV RNA was associated with T-helper type 1 (Th1)/Th2-related immune responses, which play important parts in liver inflammation, potentially contributing to the association between the serum level of HBV RNA and serum level of ALT.[@CIT0025]

We provided a comprehensive description of HBV RNA kinetics in CHB patients with an HVL receiving NAs, and this was designed to be a prospective treatment study. However, our study had two main limitations. First, we suffered from a lack of liver specimens. Second, the quantification of HBV RNA in serum can be influenced by several viral factors, including HBV genotypes,[@CIT0026] and we did not include analyses of HBV genotypes. All patients were Asian and were most likely to have been infected with genotype B or C. Therefore, further studies are needed, particularly among ethnically diverse populations and different HBV genotypes, to confirm our observations.

Conclusion {#S0005}
==========

We revealed the dynamic changes that occur in the serum level of HBV RNA in CHB patients with an HVL during NA therapy. We also showed that, following NA treatment, the serum HBV RNA level at 12 weeks can predict HBeAg seroconversion and a VR in HBeAg-positive CHB patients with an HVL.
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